This paper provides comprehensive evidence on the spillover effects of the U.S. Fed's and the European Central Bank (ECB)'s target interest rate news on the market returns and return volatilities of twelve stock markets in the Asia-Pacific over the period [1999][2000][2001][2002][2003][2004][2005][2006]. The news spillover effects on the returns are generally consistent with the literature where a majority of stock markets shows significant negative returns in response to unexpected rate rises. Whilst the results of the speed of adjustment for the Fed's news are mixed across the markets, the ECB news was absorbed slowly, in general. The return volatilities were higher in response to the interest rate news from both sources. In addition, both the Fed and the ECB news elicited tardy or persisting volatility responses. These findings have important implications for all levels of market participants in the Asia Pacific stock markets.
Introduction
Since the abandonment of monetary aggregate targeting in the mid-1980s, central banks of advanced countries have moved to directly targeting policy interest rates. These policy rates are formally announced and any change thereof constitutes an adjustment in the monetary policy stance. Financial market participants must take positions based upon their expectations on the impending announcements of a central bank's target interest rate stance.
This expectation is already factored into the market prices observed immediately prior to the announcement. If the actual target rate announcement is different from that already priced, markets would react to this surprise component accordingly (for the U.S. Fed's news impacts on the U.S. markets, among others, see Bernanke and Blinder, 1992; Kuttner, 2001; Bonfim, 2003; and Bernanke and Kuttner, 2005) .
In addition, interest rate announcements of major central banks may have spillover impacts on other countries' financial markets. Considering the leadership role played by the U.S. markets, any new information on the Fed's interest rate policies would have both direct and indirect influences on other stock markets around the world. The indirect influence is via the influence of the U.S. stock market movements resulting from the news announcement on the stock returns in other countries. The literature has provided ample evidence for the information leadership of the U.S. markets, and its influence in the Asia-Pacific in particular (inter alia Arshanapalli et al., 1995; Liu et al., 1998; Liu and Pan, 1997; Ghosh et al, 1999; Ng, 2000; Miyakoshi, 2003; Kim, 2003 Kim, , 2005 Phylaktis and Ravazzolo, 2005) . Thus, to the extent that the U.S. stock market responds significantly to the Fed's news and that the stock markets in other countries look to the U.S. for market momentum, there is potential for the Fed's news to be significantly priced in other markets. 2 The direct influence of the Fed's interest rate news can be examined by investigating the extent to which markets in other countries respond directly to the news over and above the documented overall influence of the U.S. stock index movements. The spillover effects of the Fed's news have been a topic of interest not only to policy makers but also to market participants alike. Thus far, there are only a handful of studies that examine the direct influence of the Fed's news on the financial markets of other countries. Wongswan (2006 Wongswan ( , 2008 provide a mixed evidence on the Fed's interest news spillover effects on the stock market returns in a number of countries. Ehrmann and Fratzscher (2006) report that the U.S.
monetary policy shocks have a negative impact on the returns of fifty equity markets including the twelve Asia-Pacific markets examined in this paper. However, none of these papers examines the Fed's target interest rate news spillover effects on the volatility of market returns in a number of other countries.
1 This is a significant oversight because the news does not only affect the direction of market movements in these countries (first moment influence) but also influences the trading environment, and hence the level of volatility (second moment effect). Another oversight in the literature is the lack of investigation of the spillover effects of the European Central Bank's (ECB) interest rate news. Given the increasing prominence of the euro area's equity markets, there is a strong potential for spillover impacts of the ECB's news in the stock markets of other regions. In particular, considering the growing bilateral flows of trade and financial investments between the euro area and the Asia-Pacific 2 , the ECB's monetary policy decisions are keenly monitored by the market participants in the latter.
In addition, the literature is silent on how quickly the news from these two central banks are absorbed in foreign stock markets.
Our motivation in this paper is to address these important shortfalls in the literature and provide comprehensive evidence on the existence and the nature of the transmission of the Fed's and the ECB's policy interest rate news in the Asia Pacific. We investigate the direct news effects on the first two moments of the stock market returns in twelve AsiaPacific countries for the period January 1999 to December 2006.
Our contributions to the literature are in many dimensions. First, we report extensive evidence of the direct effects of the U.S. Fed's and the ECB's target rate news in the Asia Pacific. We establish not only the presence of the news effects but also document additional contributions of the news that are significant over and above the documented overall index return information spillovers from the two markets. We also investigate the potential of heterogeneity of the directions of the news impacts and the varying degrees of strengths of responses across the twelve countries. Second, we provide comprehensive evidence of the news effects on the second moments of stock returns to see if the news significantly increase or decrease volatility in the Asia Pacific. Third, we investigate the news effects across both overnight and intradaily holding periods of the Asia Pacific markets and this allows us to investigate the potential differences of the speeds of the news absorption across the region.
To the best of our knowledge, this paper is the first research that reports such comprehensive target interest rate news spillovers effects from the U.S. Fed and the ECB in terms of not only establishing the first and second moment effects but also detailing the country specific responses in (i) the directions and the strengths of the news effects and (ii) the varying degrees of speed of market adjustments to the news.
4
The key findings of this paper are summarized as follows. First, in general, the Asia Pacific stock market returns fell (rose) significantly in response to unexpected interest rate rises (cuts) from both the Fed and the ECB which is largely consistent with the previous literature. Second, the interest rate news from the two central banks significantly raised the return volatility in most of the markets. Third, both the Fed and the ECB news were absorbed gradually leading to tardy or persisting volatility responses. These results are robust when we control for the joint impact of the Fed's and the ECB's policy rate news.
The rest of the paper is organized as follows. Section 2 discusses data and empirical modeling issues, Section 3 reports and analyzes the estimation results, and Section 4 concludes the paper.
Data and empirical modeling issues

Monetary policy announcement data
Since 1994, the Federal Open Market Committee (FOMC) in the U.S. has been announcing the Fed funds target rate after its regularly scheduled (eight meetings a year) and ad hoc meetings at 2:00 pm U.S. Eastern Standard Time (EST, GMT-5) unless otherwise specified. For the ECB, the interest rate on the main refinancing operations (MRO) is perceived to be the target policy interest rate as it plays a pivotal role in pursuing the ECB's open market operations. Although the governing council meets twice a month, it normally makes a monetary policy decision at the first of the two meetings, after which a press release announcing the decision on the key ECB interest rate is made at 1:45 pm Central European and 110 with no change. Thus, most of the interest rate announcements contained no change (72% for the Fed and 84% for the ECB).
In order to examine the extent to which unexpected changes in a direction or the extent of target rate movements affect financial markets, it is necessary to model properly the news component of the announcements. Some of the earlier studies employed market survey expectations to proxy for expected target rate announcements (e.g. Reinhart and Simin, 1997) .
However, recent studies have instead relied on market price-based proxies. Krueger and Kuttner (1996) find that the Fed funds futures rate is an efficient predictor of the Fed funds target rate and therefore an appropriate market-based measure of policy expectations. This finding is later confirmed by Gürkaynak et. al. (2002) . Kuttner (2001) uses the Fed funds futures rates to separate the target rate changes into anticipated and unanticipated components.
He finds that the responses of the U.S. Treasury bill, note and bond yields to anticipated changes in the target rate are small, while the responses to unanticipated changes are large and significant. Bomfim (2003) extends Kuttner (2001) to asset return volatilities and finds that asset returns are more volatile following announcements containing unexpected rate changes.
The early literature on the ECB's news employed price-based proxies to gauge the market expectations on the ECB's target rate announcements. However, the choice of market instruments differs across researchers. Gaspar et al. (2001) use EONIA (Euro OverNight Index Average, the effective overnight reference rate for the Euro) to gauge the probability attached to a change in the ECB's target interest rate before the governing council's meeting.
Perez-Quiros and Sicilia (2002) propose a principal components approach that utilizes the daily changes of different money market interest rates including the EONIA, the one-week, one-, two-and three-month EONIA swap rates and the closest three-month EURIBOR futures rates. Their approach is to extract the key common component that shapes the evolution in all the above rates. Würtz (2003) measures the interest rate change expectations from the forward rate implied by the one-and two-month EONIA swap rates. However, due to the high volatility and the impacts of liquidity considerations rather than the monetary policy considerations as identified by Bindseil (2002) in underbidding scenarios, it seems that the EONIA is not the best proxy for the market expectation on the ECB's upcoming interest rate announcements. More recently, Fratzscher (2003, 2005) 
where: Table 1 reports the summary statistics for the interest rate news series. While 35% of the Fed's interest rate announcements were correctly anticipated, only 26% of 5 Although 1-month EONIA and EURIBOR futures are better proxies, the former was introduced only on the ECB's interest rate announcements were correctly expected. Whereas more negative than positive surprises were observed for the ECB (44% compared with 31%), there were more positive than negative surprises for the Fed (36% compared to 29%). On average, the Fed's and the ECB's target rate change announcements were lower than the market's expectation (-0.0639 and -0.0050 percent, respectively). The variance of the ECB's news is much lower than that of the Fed's (0.0009 and 0.1027 respectively). Furthermore, the news series demonstrate strong evidence of negative skewness and leptokurtosis.
Asia Pacific stock index returns
While most of the previous studies utilize daily closing data to explore the impacts of the target rate shocks, we employ market opening and closing prices to disaggregate the daily investigation horizon into overnight and intradaily periods. We obtained from Bloomberg daily open and close prices of the stock indices of twelve Asia-Pacific countries: Australia, China, Hong Kong, Indonesia, Japan, Korea, Malaysia, New Zealand, the Philippines, Singapore, Taiwan and Thailand for the period January 1999 to December 2006. 6 We calculate stock index returns over three time horizons. These are daily horizon (H0) of close to close from day t-1 to day t; Overnight horizon (H1) of close to open from day t-1 to day t;
and Intradaily horizon (H2) of open to close on day t. Since both the Fed's and the ECB's target interest rate announcements were made when the Asia-Pacific markets were closed, H1
captures the Asia-Pacific stock markets' first reaction to the news, whereas H2 captures any delayed reactions during the trading day in the Asia-Pacific.
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Panel C of Table 1 reports the summary statistics of the stock market returns across the three horizons. There are significant differences across the three horizons in various aspects. For the mean, in most cases the series have a positive mean for the daily and overnight horizons, and a negative mean for intradaily. In addition, the returns are generally higher during overnight than intradaily. In all cases, the return volatility as measured by the standard errors is higher during overnight than during the other horizons and this is consistent with the literature. In most cases, stock returns are negatively skewed over daily and overnight, and positively skewed over the intradaily horizon. The reverse is observed for the Philippines and China. The Australian stock market returns show a negative skewness over all three horizons. In most cases, the returns exhibit leptokurtosis with the highest excess kurtosis over intradaily except for Japan. Furthermore, the returns show significant serial correlation in the second moments over all three time horizons.
Empirical modeling
The empirical literature on financial time series shows that the GARCH family of models is well-suited to modeling daily returns series, which are characterized as skewed, leptokurtic and non-normally distributed with time-varying second moments as shown in Table 1 . We employ EGARCH(1,1) models to address these characteristics, as a parsimonious specification often outperforms more profligate ones and the exponential specification allows negative coefficients in the conditional variance equation that has an important implication in this study. This methodology also enables us to measure the news and the spillover effects on both the conditional mean and variance of daily returns. 8 In this section, we start with a baseline univariate EGARCH(1,1) model and then progress to specific modeling of the impacts of the Fed's and the ECB's news on the Asia-Pacific stock markets.
The baseline EGARCH (1,1) model employed in our study is described by the conditional mean and the conditional variance equations (2a) and (2b) 
The conditional mean equation for the returns ( t y ) is expressed as a function of a one day lag of returns and a holiday dummy in relevant markets. We elect to include one lag of the dependant variable and this addressed the residual serial correlations in most cases. 9 The holiday dummy accounts for the potential impacts of differences in trading days across stock markets due to market closure. It is assigned to each stock market and takes the number of days of market closure between two successive market prices. For example, for normal consecutive daily observations (i.e. returns calculated over two days -Monday close to 9 We do not to report the baseline estimation results to save space and focus on the target interest rate news effect.
Instead, we provide a summary in this footnote. In general, the holiday dummy tends to reduce returns over H0
and H2 while it has a positive effect during H1. In the conditional variance equations, the lagged variance term ( h ) is close to one in all cases suggesting volatility persistence as found in the literature. There is evidence for an asymmetric influence of the past innovations as shown by a negative   , in all cases for H0 and H1. The volume effect is positive in all cases (  >0) indicating that regardless of sign, the higher is the previous period's unexpected stock movements, the higher is its impact on the conditional variance in the next period. The conditional variances are generally higher on the days immediately following a market closure due to holidays.
The serial correlations in the first and second moments of the standardized residuals are removed in all cases by adding more than one lag of the dependent variable in the mean equation and by varying the lag structures of the EGARCH model in the variance equation. However, the news coefficients from these estimations are qualitatively the same as the one we report in this paper. Thus, for consistency, we adopt the same model specification for all twelve stock indices in our investigation.
Tuesday close price) the value of zero is assigned, whereas values of one or higher will be assigned for returns observations calculated over a longer horizon due to market closure. This seasonal dummy helps to control for the days of more intense information flows following a longer period of market closure. The conditional variance equation ( t h ) is expressed as a function of one period lags of the variance and the residuals, and the holiday dummy.
To investigate the spillover impacts of the Fed's and the ECB's news on the Asia- 
11 We do not include the macro announcement dummies in the conditional mean equations because they represent an average impact of positive and negative macro news (e.g. higher or lower than expected announcements which would have opposite impacts on stock returns). Macro dummies are stripped of sign and as such, macro news coefficients would be difficult to interpret. Disaggregated data would be required to unravel the surprise components of each announcement (deviations of actual from expected figures) and investigate the differential impacts of various aspects of announcements on the first moments of market returns. However, macroeconomic announcements, irrespective of the types of news contents, could influence market volatility in a similar fashion. For example, unexpectedly higher or lower CPI announcements could both increase market volatility if they further increase the level of information uncertainty in the market on the days of CPI announcements. Alternatively, market volatility could be lower in response to both types of news if the release of new information resolves the heterogeneity in market expectations leading to lower levels of market uncertainty.
Thus, we use the macro announcement dummies only in the conditional variance equations to control for the second moment effects on the days of macro announcements.
In general, the target news coefficient in the conditional mean equation is expected to be negative as Wongswan (2006 Wongswan ( , 2008 , Bernanke and Kuttner (2005) , Ehrmann and Frantzscher (2006) , and Rigobon and Sack (2004) documented for various stock markets. Unexpected interest rate rises from the Fed and the ECB could have similar market depressing influences in the Asia-Pacific (a negative news coefficient) through (i) higher financing costs in general and lower stock prices of cross-listed foreign companies in these markets, and (ii) lower demand for imports from the Asia Pacific.
The news effect on the conditional volatilities would depend on whether the news adds to or resolves uncertainties in the market. As our volatility specification allows negative coefficients in the conditional volatility equation, it is possible to have both positive and negative signs for the interest rate news coefficient,  News . If an unexpected change in the rate leads to further speculation in the market regarding the future direction of the target rate, this heightened heterogeneity would lead to increased trading activities and trading volume, which in turn would lead to higher conditional volatility. If so, we would observe a positive  News .
On the other hand, if an unexpected rate change announcement resolves the accumulated heterogeneity in the market and hence reduces the level of uncertainty, a significant volatility reduction would be observed (i.e. a negative  News ).
In addition, to the extent that the Fed's rate decisions can influence those of the ECB, it is possible that the impacts of the ECB's rate decisions on the Asia-Pacific stock markets might be weaker as the market participants might regard the ECB's news as less newsworthy. 
The ECB's news coefficient on the mean would be insignificant if the ECB's news is stale when it hits the Asia-Pacific markets. However, if the ECB's news is also relevant its news coefficient is expected to be significant. On the variance equation, the impact of the ECB's news would depend on its supplemental role for the Fed's news in either raising or lowering the level of market uncertainty in the Asia-Pacific.
Empirical results
The U.S. Fed's target interest rate news
The quasi-maximum likelihood estimates of the EGARCH model for the spillover effects of the Fed's and the ECB's target rate surprises as modeled in (3a) and (3b) are reported in Table 2 . The impacts of the spillover news effects on the Asia-Pacific stock markets are investigated by examining the sign and the magnitude of the news variables in each estimation over different time horizons.
14 Consistent with the findings in the literature, we find that unexpected hike in the Fed's target rate significantly reduced the Asia Pacific stock market returns, in general. Eight out of twelve stock markets show significant responses to the news and the news coefficient is negative in all cases. We suggest that this may be due to the impact of the Fed's unexpected hike on the financing costs for foreign borrowers, and/or the expected reduction in U.S. demand for imports. Ultimately, these adverse impacts are reflected in significantly lower returns in the Asia-Pacific stock markets. On the other hand, there is mixed evidence on the speed of news absorption. Some markets responded quickly as evidenced by significant news coefficient during H1 only (Hong Kong and Singapore), while in one market (Taiwan) the news effect shows up only during H2. 15 In three other markets (China, Malaysia and Thailand), the new effects are significant during both H1 and H2.
14 We also investigated the indirect news effects by including source market index returns (the S&P500 for the U.S. and the DAX and the CAC for the euro area) in equations (3a) and (3b). In Appendix, we report the tests of additional contribution of the direct news effect given this indirect effect. There is some evidence of reduced number of significant direct news effects for the Fed news during H1, but during other horizons for the Fed news and for the ECB news, the additional contributions of the direct news as reported in Table 2 remain significant.
This shows that the target interest rate news had a direct impact on the first and the second moments of the stock returns in the Asia Pacific over and above the indirect influence (via U.S. and euro area index spillovers).
Interested readers may obtain detailed results upon request. 15 There is a possibility that in some markets an opening value of the index may not always incorporate active opening prices of all stocks in the index due to delays in some stocks generating opening prices. This may have contributed to the significant responses during the intradaily horizon.
There are also significant volatility responses to the Fed's news. Significant responses are shown in eight out of twelve markets, and except for two markets all show positive news coefficients suggesting significantly higher volatilities in response to the news. 16 . Given the leading role of the U.S. economy, the Asia-Pacific market participants would closely monitor the U.S.'s policy announcements. As such, even when the Asia-Pacific market participants correctly judge the direction of the target rate change they may still be surprised by the magnitude of rate changes. When an unexpected announcements are made homogeneity evaporates which then leads to a higher trading activities and eventually results in a higher volatility. However, in two markets (Hong Kong and Malaysia), the interest rate news shows a volatility calming effect during H0. For Malaysia, there is a mixed response where the volatility was higher during H1 but was lower during subsequent H2.
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As for the speed of adjustment to the news, we have some evidence of tardiness in volatility response. In four cases (Indonesia, New Zealand, the Philippines and Singapore), 16 We conducted separate estimations for the positive and negative news (unexpected rate rises and falls) effects and found that this volatility increasing effect is coming exclusively from the positive news in four countries (Korea, the Philippines, Singapore and Taiwan), however, in other countries there is no definitive pattern. In addition, we find no consistent patterns for the two types of news for the ECB news.
17 For brevity, we omit reporting the results of the macroeconomic announcement dummies. Instead, the main results are summarized here. Interested readers might obtain full estimation results upon request. The U.S.'s Macroeconomic announcement dummies show significant influence on the conditional volatilities of AsiaPacific stock markets' returns. In general, the U.S.'s GDP, Unemployment and Retail sales announcements tend to increase the volatilities of the Asia-Pacific market returns. Meanwhile, CPI announcements tend to reduce volatility in five markets. In addition, we find that the inclusion of the macro dummies does not significantly alter the interest rate news coefficients. We re-estimated all models without the macro announcement dummies and the resulting estimates for the interest rate news coefficients are qualitatively the same.
volatility response is significant only during H2, and during both H1 and H2 in two other cases (Korea and Malaysia). 
The ECB's target interest rate news
Similar to the Fed's new effects, the ECB's news had a negative spillover influence on the conditional means of all twelve stock returns over at least one horizon. We suggest that given the increasing real integration between the Asia-Pacific region and the euro area, an unexpected rise in the ECB's main refinancing rate would have a negative impact on the euro area economic activities leading to an expectation of lower demand for imports from the AsiaPacific. This could ultimately prove to be a negative influence for the Asia-Pacific stock markets. In general, the ECB's news was absorbed slowly in six markets as shown by the news coefficient being significant only during H2. This is in contrast to what we report for the appears that the market participants in the Asia Pacific were less clear on the information contents of the ECB's news, specifically on their additional contribution to tradable information on the heels of the Fed's interest rate movements.
We also find strong evidence for a volatility raising influence of the ECB's target rate news. Five out of twelve markets show a significantly higher volatility in response to the news. On the other hand, China and Singapore show a volatility reducing influence.
Considering the volatility stimulating effect of the Fed's news on these two markets as reported above, this market calming effect suggests that the ECB's news helps to resolves the additional uncertainty created by the earlier arrival of the Fed's news in these two markets.
There is some evidence that the volatility response is concentrated or persisting into H2. A significant volatility response is shown only during H2 in four countries (Indonesia, Malaysia, New Zealand and Singapore), and only during H1 for Korea. Further two markets (China and the Philippines) reveal higher volatility during H1 that is persisting into H2. 
Joint spillover effects of the target interest rate news
We investigate the joint spillover effects of the Fed's and the ECB's target rate news as modeled in (4a) and (4b) and the results are reported in Table 3 . Overall, the results suggest that the separate investigation results of the Fed's and the ECB's news as reported in the previous sections are robust. In general, while the Fed's news effect (on both moments) and the ECB's news effect on the conditional mean are now marginally weaker, the ECB's news 19 The euro area's macroeconomic announcements tend to have different impacts on the volatility of the AsiaPacific stock markets compared to the U.S.'s ones. The euro area's GDP, Unemployment and Current account balance announcements tend to reduce the volatilities while the reverse is observed for CPI and External trade.
The Retail trade announcements show mixed impacts with four positive and four negative influences.
effect on the conditional volatility is much stronger with five markets showing a significantly lower volatility. In addition to China and Singapore as reported above, the ECB's market calming effect is now shown in Indonesia, Korea (overnight only) and Malaysia (intradaily only). This finding suggests that the ECB's news contained further information that helped to resolve heterogeneous beliefs caused by the earlier arrival of the Fed's news.
Conclusion
In this paper, we documented and discussed the existence and the nature of the transmission of the policy interest rate news from the U.S. This paper makes significant contribution to the literature by providing comprehensive evidence on the spillover effects of these interest rate news in the stock markets of the AsiaPacific region.
In general, we reveal that the spillover news effects of both the Fed's and ECB's news on the Asia-Pacific market returns are generally consistent with the literature where a majority of stock markets show negative returns in response to unexpected rate hikes, and there is some evidence that the ECB's news is absorbed slowly. This might be to some extent due to a supplementary role of the ECB's news in the Asia-Pacific stock markets.
In addition, we report significant volatility responses to the interest rate news from the two central banks, and to our best knowledge, this paper is the first to document comprehensive empirical evidence on volatility spillovers. Unexpected hikes in the Fed's and the ECB's target rates increased the return volatility in most of the Asia-Pacific stock markets.
ECB's news was also an important informational provider in the Asia-Pacific. We also report, in general, tardy volatility responses. In most of the markets, the volatility response was significant only during the intradaily trading hours. In other cases, both interest rate news elicited a significant volatility response during the overnight horizon that persisted into the intradaily trading hours.
These findings have important implications for policy makers and market participants alike. A worthwhile extension of this research would be to examine the spillover effects of the Fed's and the ECB's target rate news on various segments of the Asia-Pacific financial markets including money, debt and foreign exchange markets. Furthermore, we report that macroeconomic announcements from the two economic blocs have significant volatility consequences for the Asia-Pacific stock markets. Therefore, an in-depth analysis of the role of the U.S.'s and the euro area's macroeconomic news on the Asia-Pacific markets would make further contributions to the literature. We reserve these avenues for future studies. 
Panel B. Target interest rate surprises
Note: The numbers of surprises shown in Panel B are different from the actual rate change announcements for both central banks. This is because even when there was no rate change announcement, markets might have expected a rate rise or fall and so the surprise component is non zero. 
